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DATA SAMPLING MODULE 110 SAMPLES INPUT DATA Din TO o
GENERATE DATA VALUES DI ACCORDING TO CLOCK SIGNALS CLK3 | >3

| PHASE DETECTION CIRCUIT 120 DETECTS A PHASE ERROR PRESENT |
- IN INPUT DATA Din ACCORDING TO AT LEAST ONE SECOND CLOCK. b~ 420
' SIGNAL CLK2Z TO GENERATE ERROR SIGNAL VE f

FREQUENCY ESTIMATOR 130 GENERATES ADJUSTMENT SIGNAL UP/ |
. DOWN ACCORDING TO ERROR SIGNAL VE, PHASE THRESHOLD [~ 5430
VALUE MP, AND FREQUENCY THRESHOLD VALUE MF é

CLOCK GENERATION MODULE 140 GENERATES CLOCK SIGNALS |
CLK1 AND AT LEAST ONE CLOCK SIGNAL CLK2 ACCORDING TO
ADIUSTMENT SIGNAL UP/DOWN AND REFERENCE CLOCK SIGNAL
CLKREF

e S440

i DATA RECOVERY MODULE 150 GENERATES RECOVERED DATA Dot
' CORRESPONDING TO INPUT DATA Din ACCORDING TO DATA e 5450
VALUES D1 ?

FIG. 4
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DEVICE AND METHOD FOR RECOVERING
CLOCK AND DATA

RELATED APPLICATIONS

This application claims priority to China Application

Serial Number 201610260484.2 filed Apr. 25, 2016, which
1s herein incorporated by reference.

BACKGROUND

Technical Field

The present application relates to an integrated circuit.
More particularly, the present application relates to a clock
and data recovery device and a method thereof.

Description of Related Art

With the rapid development of process technologies, the
operational speed of integrated circuits 1s significantly
improved. In a high-speed communication system, a clock
and data recovery (CDR) device 1s usually utilized to assure
that the received input data can be read properly.

In current approaches, the CDR device, which employs a
phase-picking circuit architecture, 1s 1mplemented with
teed-forward circuits. When a frequency oflset 1s present
between clock signals of the transmitting terminal and clock
signals of the receiving terminal, the CDR device, which
employs the phase-picking circuit architecture, cannot
instantly reduce the frequency oflset. As a result, an error
occurs 1n the read data.

SUMMARY

Some aspects of the present disclosure provide a clock
and data recovery (CDR) device. The CDR device includes

a data sampling module, a phase detection circuit, a fre-
quency estimator, a clock generation module, and a data
recovery module. The data sampling module 1s configured to
sample mput data according to first clock signals to generate
data values, 1n which phases of the first clock signals are
different from one another. The phase detection circuit 1s
configured to detect a phase error of the input data according
to at least one second clock signal, to generate an error
signal. The frequency estimator 1s configured to generate an
adjustment signal according to the error signal, a phase
threshold value, and a frequency threshold value. The clock
generation module 1s configured to generate the first clock
signals and the at least one second clock signal according to
the adjustment signal and a reference clock signal. The data
recovery module 1s configured to generate recovered data
corresponding to the mput data according to the data values.

Some aspects of the present disclosure provide a CDR
method. The CDR method includes following operations:
sampling, according to first clock signals, mput data to
generate a data values, 1n which phases of the first clock
signals are different from one another; detecting, according
to at least one second clock signal, an phase error of the
input data, to generate an error signal; generating an adjust-
ment signal according to the error signal, a phase threshold
value, and a frequency threshold value; generating the first
clock signals and the at least one second clock signal
according to the adjustment signal and a reference clock
signal; and generating, according to the data values, recov-

ered data corresponding to the mput data.
As described above, the CDR device and the CDR method
thereol, which are provided in the present disclosure, are
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2

able to reduce the frequency ofiset on the nput data, to
improve the accuracy of the recovered data.

BRIEF DESCRIPTION OF THE DRAWINGS

This disclosure can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:

FIG. 1A 1s a schematic diagram of a clock and data
recovery (CDR) device, according to some embodiments of
the present disclosure;

FIG. 1B 1s a schematic diagram 1llustrating the sampling
operation of the CDR device in FIG. 1A and sampling
operation ol some approaches, according to some embodi-
ments of the present disclosure;

FIG. 2 1s a circuit diagram of the frequency estimator in
FIG. 1A, according to some embodiments of the present
disclosure;

FIG. 3 1s a schematic diagram 1illustrating operations of
the edge detection circuit in FIG. 1A according to some
embodiments of the present disclosure; and

FIG. 4 1s a flow hart of a CDR method according to some
embodiments of the present disclosure.

DETAILED DESCRIPTION

Retference will now be made in details to the present
embodiments of the disclosure, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

Although the terms *“first,” second, etc., may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are used to
distinguish one element from another.

In this document, the term “coupled” may also be termed
as “electrically coupled,” and the term “connected” may be
termed as “electrically connected.” “Coupled” and “con-
nected” may also be used to indicate that two or more
clements cooperate or interact with each other.

Reference 1s now made to FIG. 1A. FIG. 1A 1s a sche-
matic diagram of a clock and data recovery (CDR) device
100, according to some embodiments of the present disclo-
sure. For illustration, the CDR device 100 includes a data
sampling module 110, a phase detection circuit 120, a
frequency estimator 130, a clock generation module 140,
and a data recovery module 150.

The data sampling module 110 1s configured to receive
input data Din, and to sample the input data Din according
to clock signals CLK1 to generate data values D1. In some
embodiments, the data sampling module 110 1ncludes data
samplers 112. The data samplers 122 are configured to
receive the mput data Din, and are coupled to the clock
generation module 140 to receive the clock signals CLK1, 1n
which phases of the clock signals CLK1 are different from
one another. With such arrangements, the data samplers 112
are able to sample, according to the different clock signals
CLK1, the input data Din at different times, to generate the
data values D1. In some embodiments, the data sampler 112
1s implemented with an amplifier and a switching capacitor
circuit, but the present disclosure 1s not limited in this
regard.

The phase detection circuit 120 1s configured to receive
the input data Din, and to detect a phase error of the input
data Din according to at least one clock signal CLK2, to
generate an error signal VE. In some embodiments, the
phase detection circuit 120 may include two data samplers
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(not shown) and a phase detector (not shown). The two data
samplers sample the mput data Din according to two clock
signals CLK2, and output two sampled data values (not
shown) to the phase detector. Accordingly, the phase detec-
tor 1s able to compare the two sampled data values to
generate the error signal VE. In some embodiments, a phase
difference of about 90 degrees 1s present between the two
clock signals CLLK2, and the two sampled data values 1s an
in-phase data value and a quadrature value. In some embodi-
ments, the phase detector 1s a bang-bang phase detector.

The arrangement of the phase detection circuit 120 1s
given for illustrative purposes only, and the present disclo-
sure 1s not limited in this regard. Various types of the phase
detection circuit 120 are within the contemplated scope of
the present disclosure. For example, in some embodiments,
the phase detection circuit 120 includes a Hogge phase
detector. In some embodiments, the phase detection circuit
120 includes a Muller-Muller phase detector.

The frequency estimator 130 1s coupled to the phase
detection circuit 120 to receive the error signal VE. The
frequency estimator 130 1s configured to generate an adjust-
ment signal UP/DOWN to the clock generation module 140,
according to the error signal VE, a phase threshold value
(e.g., value MP 1n FIG. 2 below), and a frequency threshold
value (e.g., value MF 1 FIG. 2 below).

The clock generation module 140 1s coupled to the
frequency estimator 130 to receive the adjustment signal
UP/DOWN. The clock generation module 140 1s configured
to generate the clock signals CLLK1 and the at least one clock
signal CLLK2 according to the adjustment signal UP/DOWN
and a reference clock signal CLKREF.

For illustration, in some embodiments, the clock genera-
tion module 140 includes a phase interpolator 142 and a
multi-phase clock generator 144. The phase interpolator 142
1s coupled to the frequency estimator 130 to receive the
adjustment signal UP/DOWN, and generates a correspond-
ing local clock signal CLKL according to the adjustment
signal UP/DOWN and the reference clock signal CLKREF.
For example, assuming that the current local clock signal
CLKL has a first phase. When the status of the adjustment

signal UP/DOWN 1s UP, the phase interpolator 142 gener-

ates the local clock signal CLKL having a second phase, 1n
which the second phase leads to the first phase. Alterna-
tively, when the status of the adjustment signal UP/DOWN
1s DOWN, the phase interpolator 142 generates the local
clock signal CLKL having a third phase, in which the third
phase lags behind the first phase.

The multi-phase clock generator 144 i1s coupled to the
phase interpolator 142 to receive the local clock signal
CLKL. The multi-phase clock generator 144 1s coupled to
the data sampling module 110 to transmait the clock signals
CLK1. The multi-phase clock generator 144 1s coupled to
the phase detection circuit 120 to transmit the at least one
clock signal CLK2. The multi-phase clock generator 144 1s
configured to generate the clock signals CLLK1 and the at
least one clock signal CLLK2 according to the local clock
signal CLKL.

The arrangement of the clock generation module 140 1s
given for illustrative purposes only, and the present disclo-
sure 1s not limited 1n this regard. Various types of the clock
generation module 140 are within the contemplated scope of
the present disclosure.

The data recovery module 150 1s coupled to the data
sampling module 110, to receive the data values D1. The
data recovery module 150 1s configured to select corre-
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4

sponding data value according to the data values D1, to
generate recovered data Dout corresponding to the input
data Din.

For illustration, in some embodiments, the data recovery
module 150 includes a data storage circuit 152, an edge
detection circuit 154, and a data selection circuit 156. The
data storage circuit 152 1s coupled to the data samplers 112
to receive and store the data values D1. In some embodi-
ments, the data storage circuit 152 is a shift register. In some
other embodiments, as the data values D1 are obtained
according to the clock signals CLK1 having different phases,
the data storage circuit 152 1s able to synchronize, according,
to the local clock signal CLKL, the data values D1, and to
store the synchronized data values D1. The arrangement of
the data storage circuit 152 1s given for illustrative purposes
only, and the present disclosure 1s not limited 1n this regard.
Various types of the data storage circuit 152 are within the
contemplated scope of the present disclosure.

In various embodiments, the edge detection circuit 154 1s
able to be implemented with a digital circuit, which 1s able
to perform various decision algorithms. The edge detection
circuit 154 1s coupled to the data storage circuit 152, to read
the data values D1 from the data storage circuit 152. The
edge detection circuit 154 determines at least one transition
point, which includes, for example, a falling edge where a
value of logic 1 1s switched to a value of logic 0, or a rising
edge where the value of logic 0 1s switched to the value of
logic 1, of the input data Din, to generate a selection signal
SE. Accordingly, the data recovery module 150 1s able to
determine a relation between the data values D1 and bound-
ary data values and a central data value 1n bit intervals of the
input data Din. For ease of understanding, the detail opera-
tions are described with FIG. 3.

The data selection circuit 156 1s coupled to the edge
detection circuit 154 to receive the selection signal SE, and
1s coupled to the data storage circuit 152 to read the data
values D1. The data selection circuit 156 1s configured to
select, according to the selection signal SE, at least corre-
sponding one data value from the data values DI1. For
example, the data selection circuit 156 includes a Tally
circuit (not shown), an address generation circuit (not
shown), and a multiplexer (not shown). In this example, the
selection signal SE 1s multi-bits data that 1s able to indicate
the location of the transition points. The Tally circuit 1s able
to generate a control signal according to the multi-bits data
of the selection signal SE, and the address generation circuit
then outputs a corresponding address signal according to the
control signal. As a result, the multiplexers are able to select
a corresponding one from the data values D1 in the data
storage circuit 152, and to output the same as the recovered
data Dout.

The arrangements of the data selection circuit 156 are
given for illustrative purposes only, and the present disclo-
sure 1s not limited 1n this regard. Various arrangements of the
data selection circuit 156 are within the contemplated scope
of the present disclosure.

Reference 1s now made to FIG. 1B. FIG. 1B 1s a schematic
diagram 1llustrating the sampling operation of the CDR
device 100 in FIG. 1A and sampling operation of some
approaches, according to some embodiments of the present
disclosure.

In some approaches, a CDR device, which employs a
phase-picking architecture, 1s implemented with a feed for-
ward circuit. IT a frequency oflset was present 1n the clock
signals between the transmitting, terminal and the receiving
terminal, data errors may occur in recovered data generated
by the CDR device of such approaches. For illustration, as
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shown 1n FIG. 1B, when the frequency oflset occurs, as the
approaches discussed above only employ the feed forward
circuit, the sampling time TS1 would vary gradually, and
thus data errors will occur 1n the sampled data values.

Compared with the approaches above, 1n the CDR device
100, the phase detection circuit 120, the frequency estimator
130, and the clock generation module 140 are arranged as a
teedback control mechanism. With this feedback control
mechanism, when a frequency offset 1s detected to be
present 1n the mput data Din, the clock generation module
140 adjusts the local clock signal CLKL correspondingly, to
reduce an impact from the frequency oflset. As a result,
compared with the approaches above, the accuracy of the
recovered data Dout 1s improved. For 1llustration, as shown
in FIG. 1B, when the frequency oflset occurs, with the
operations of the feedback control mechanism, the sampling
time TS2 of the data sampling module 110 can be stabled at
a fixed timing, such that the sampled data value 1s able to be
correct.

Several embodiments will be provided 1n following para-
graphs to describe the function and the application of the
CDR device 100, but the present disclosure 1s not limited
thereto.

Reference 1s now made to FIG. 2. FIG. 2 1s a circuit
diagram of the frequency estimator 130 1n FIG. 1A, accord-
ing to some embodiments of the present disclosure. For ease
of understanding, like elements 1n FIG. 2 are designated
with the same reference numbers 1n FIG. 1A.

In same embodiments, the frequency estimator 130
includes a sigma delta modulator 231, a sigma delta modu-
lator 232, an integrator 233, a counter 234, and an adder 235.

The sigma delta modulator 231 1s coupled to the phase
detection circuit 120 1n FIG. 1A, to receive the error signal
VE. The sigma delta modulator 231 1s configured to accu-
mulate the error signal VE to generate a phase accumulated
value AP, and to compare the phase accumulated value AP
with the phase threshold value MP. When the phase accu-
mulated value AP 1s greater than the phase threshold value
MP, the sigma delta modulator 231 outputs a control signal
VCP.

The sigma delta modulator 232 1s coupled to the phase
detection circuit 120 in FIG. 1A, to recerve the error signal
VE. The sigma delta modulator 232 1s configured to accu-
mulate the error signal VE to generate a frequency accumu-
lated value AF, and to compare the frequency accumulated
value AF with the frequency threshold value MF. When the
frequency accumulated value AF 1s greater than the fre-
quency threshold value MF, the sigma delta modulator 232
outputs a control signal VCF.

In some embodiments, the phase threshold value MP and
the frequency threshold value MF are predetermined values.
In some other embodiments, the phase threshold value MP
and the frequency threshold value ME are able to be
pre-stored 1n the frequency estimator 130, and to be dynami-
cally adjusted by external programs or circuits.

The integrator 233 1s coupled to the sigma delta modu-
lator 232 to receive the control signal VCF. The integrator
233 1s configured to accumulate the control signal VCF to
generate an itegral signal VI. The counter 234 1s coupled to
the integrator 233 to receive the integral signal VI. The
counter 234 1s configured to generate a control signal VCT
according to the integral signal VI. The adder 235 is coupled
to the sigma delta modulator 231 and the counter 234 to
receive the control signals VCP and VCT, and sums up the
control signal VCP and the control signal VCT to generate

the adjustment signal UP/DOWN.
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In some embodiments, the control signal VCP, the control
signal VCF, the integral signal VI, and the control signal
VCT are digital signals having multiple bits. When the
frequency accumulated value AF 1s greater than the fre-
quency threshold value MF, the sigma delta modulator 232
switches the bit values of the control signal VCE, such that
the counter 234 starts counting. Accordingly, the counter
234 generates diflerent control signals VCT to the adder 235.
Alternatively, when the phase accumulated value AP 1s
greater than the phase threshold value MP, the sigma delta
modulator 231 switches the bit values of the control signal
VP, such that the adder 235 generates diflerent adjustment
signals UP/DOWN. With such arrangement, when a ire-
quency oilset occurs 1n the mput data Din, the clock gen-
cration module 140 1s able to adjust the local clock signal
CLKL according to the adjustment signal UP/DOWN, to
improve the accuracy of the recovered data Dout.

The arrangement of the frequency estimator 130 1s given
for illustrative purposes only, and the present disclosure 1s
not limited 1n this regard. Various types of the frequency
estimator 130 are also within the contemplated scope of the
present disclosure.

Reference 1s now made to FIG. 3. FIG. 3 1s a schematic
diagram 1llustrating operations of the edge detection circuit
154 1n FIG. 1A according to some embodiments of the
present disclosure. For ease of understanding, like elements
of FIG. 3 are designated with the same reference numbers 1n
FIG. 1A. For illustration, 1n this example, the data sampling
module 110 utilizes three clock signals CLK1 to sample the
bit intervals of the input data Din, 1n which the phases of the
three clock signals CLK1 are P1, P2, and P3, respectively.

For illustration, as shown 1n FIG. 3, the six sampled data
values D1, which are sequentially sampled by the data
samplers 112 according to the three clock signals CLK1, are
“07, 17, “17, “17, 07, and “0.” In this example, the edge
detection circuit 154 can perform an exclusive OR (XOR)
operation according to two adjacent data values D1, to detect
at least one transition point of the input data Din. For
example, the edge detection circuit 154 includes XOR gates.
A first XOR gate outputs a signal having a value of logic 1
according to a first data value D1 (*0”) and a second data
value D1 (*17). A second XOR gate outputs a signal having
a value of logic 0 according to the second data value D1
(“1”) and a third data value D1 (*17). Based on the signal,
which 1s outputted from the first XOR gate, having the value
of logic 1, it 1s able to determine that a transition point of the
input data Din 1s present between the two corresponding
sampling times (1.e., the clock signal CLK1 having the phase
P1 and the clock signal CLLK1 having the phase P2). Based
on the signal, which 1s outputted from the second XOR gate,
having the value of logic O, it 1s able to determine that no
transition point of the mput data Din 1s present between the
two corresponding sampling times (1.e., the clock signal
CLK1 having the phase P2 and the clock signal CLKI1
having the phase P3). With this analogy, it 1s able to analyze
the transition points of the input data Din according to the
signals outputted from the XOR gates.

For example, as shown in FIG. 3, a number of the
transition points occurring at the corresponding sampling
times (1.e. between the phases P1 and P2) 1s six, and the
number of the transition points occurring, at other sampling
times (1.e. between the phases P2 and P3) 1s 0. Accordingly,
the edge detection circuit 154 thus determines that the data
values D1, which are sampled according the clock signal
CLK1 having the phase P1 or P2, 1s a rising edge or a falling
edge of the mput data Din, and that the data values D1,
which are sampled according the clock signal CLK1 having
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the phase P3, 1s a central data value of the input data Din. As
a result, the edge detection circuit 154 outputs a correspond-
ing selection signal SE, to make the data selection circuit
156 select at least one, which corresponds to the central data
values of the mput data Din, of the data values D1. In some
embodiments, the aforementioned operations of determining
the transition points of the mnput data Din according to the
number of the transition points are referred to as a center-
picking algorithm. In some embodiments, the aforemen-
tioned operations of determining the number of the transi-
tion points of the mput data Din are performed by the Tally
circuit.

In some other embodiments, the edge detection circuit
154 1s also able to be implemented with digital circuits that
perform a majority-voting algorithm. For illustration, as
shown 1n FIG. 3, the first three data values, which are
sequentially sampled by the data sampler 112 according to
the three clock signals CLK1, are “07, “1,” and *“1.” As the
number of the data values D1 having the value of logic 1 1s
greater, the edge detection circuit 154 determines that the
value of logic 1 1s the central data value of the mput data
Din, and then determines that the data values D1, which are
sampled according to the clock signal CLLK1 having the
phase P1, are rising or falling edges of the mput data Din.

The arrangements of the edge detection circuit 154 are
given for 1llustrative purposes only, and the present disclo-
sure 1s not limited 1n this regard. Various decision algo-
rithms, which are able to be employed by the edge detection
circuit 154, are also within the contemplated scope of the
present disclosure.

FI1G. 4 1s a flow chart of a CDR method 400 according to
some embodiments of the present disclosure. For ease of
understanding, reference 1s now made to both of FIG. 1A

and FIG. 4, and operations of the CDR device 100 are
described with the CDR method 400.

In operation S410, the data sampling module 110 samples
the input data Din to generate data values D1 according to
the clock signals CLK1. For illustration, as shown in FIG.
1A, the data samplers 112 sample the input data Din
according to the clock signals CLLK1 having different phases,
to continuously generate the data values D1.

In operation S420, the phase detection circuit 120 detects
a phase error present in the mput data Din according to at
least one second clock signal CLLK2 to generate the error
signal VE. As described above, the phase detection circuit
120 can employ various types of the phase detectors to
analyze the input data Din, to generate the error signal VE
according to the phase error of the input data Din.

In operation S430, the frequency estimator 130 generates
the adjustment signal UP/DOWN according to the error
signal VE, the phase threshold value MP, and the frequency
threshold value MF. For illustration, as shown in FIG. 2, the
frequency estimator 130 can compare the error signal VE
with the phase threshold value MP, and compare the error
signal VE with the frequency threshold value MFE, so as to
generate the corresponding adjustment signal UP/DOWN.

In operation S440, the clock generation module 140
generates the dock signals CLK1 and the at least one clock
signal CLLK2 according to the adjustment signal UP/DOWN
and the reference clock signal CLKREF. As described
above, the phase detection circuit 120, the frequency esti-
mator 130, and the clock generation module 140 are
arranged as a feedback control mechanism. Effectively, with
such feedback control mechanism, the clock generation
module 140 1s able to dynamically adjust the clock signals
CLK1 and the at least one clock signal CLLK2 according to
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In operation S450, the data recovery module 150 gener-
ates the recovered data Dout corresponding to the mput data
Din according to the data values D1. For illustration, as
described above, the edge detection circuit 154 1s able to
analyze the transition points of the iput data Din by
performing various decision algorithms, to determine which
one of the data values 1s the central data value of the mput
data Din. Accordingly, the data selection circuit 156 can
select at least one data value, which corresponds to the
central data value of the input data Din, from the data values
D1, to generate the recovered data Dout.

The above illustrations of the CDR method 400 include
exemplary operations, but the operations are not necessarily
performed 1n the order shown. Operations may be added,
replaced, changed order, and/or eliminated as appropriate, in
accordance with the spirit and scope of various embodi-
ments of the present disclosure.

As described above, the CDR device 100 and the CDR
method 400 thereof, which are provided in the present
disclosure, are able to reduce the frequency oflset on the
input data, to improve the accuracy of the recovered data.

Although the present disclosure has been described 1n
considerable details with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein. It
will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it 1s
intended that the present disclosure covers modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What 1s claimed 1s:

1. A clock and data recovery device, comprising:

a data sampling circuitry configured to sample input data
according to a plurality of first clock signals to generate
a plurality of data values, wherein phases of the first
clock signals are different from one another;

a phase detection circuit configured to detect a phase error
of the mput data according to at least one second clock
signal, to generate an error signal;

a Irequency estimator configured to generate an adjust-
ment signal according to the error signal, a phase
threshold value, and a frequency threshold value;

a clock generation circuitry configured to generate the
first clock signals and the at least one second clock
signal according to the adjustment signal and a refer-
ence clock signal;

a data recovery circuitry configured to generate recovered
data corresponding to the input data according to the
data values; and

wherein the frequency estimator comprises:

a first sigma delta modulator configured to accumulate the
error signal to generate a phase accumulated value, and
to output a first control signal when the phase accu-
mulated value 1s greater than the phase threshold value;

a second sigma delta modulator configured to accumulate
the error signal to generate a frequency accumulated
value, and to output a second control signal when the
frequency accumulated value 1s greater than the fre-
quency threshold value;

an integrator configured to accumulate the second control
signal to generate an integral signal;

a counter configured to generate a third control signal
according to the integral signal; and
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an adder configured to sum up the first control signal and
the third control signal to generate the adjustment
signal.

2. The clock and data recovery device of claim 1, wherein
the phase threshold value and the frequency threshold value
are predetermined values.

3. The clock and data recovery device of claim 1, wherein
the phase threshold value and the frequency threshold value
are configured to be stored 1n the frequency estimator.

4. The clock and data recovery device of claim 1, wherein
the data recovery circuitry comprises:

a data storage circuit configured to store the data values;

an edge detection circuit configured to determine at least
one transition point of the mput data according to the
data values, to generate a selection signal; and

a data selection circuit configured to select at least cor-
responding one of the data values from the data storage
circuit according to the selection signal, to generate the
recovered data.

5. The clock and data recovery device of claim 4, wherein
the data storage circuit 1s further configured to synchronize
the data values according to a local clock signal.

6. The clock and data recovery device of claim 4, wherein
the edge detection circuit 1s configured to perform an
exclusive OR operation according two adjacent of the data
values to determine the at least one transition point.

7. The clock and data recovery device of claim 4, wherein
the edge detection circuit 1s configured to perform a major-
ity-voting algorithm according to the data values to deter-
mine the at least one transition point.

8. The clock and data recovery device of claim 1, wherein
the clock generation circuitry comprises:

a multi-phase clock generator configured to generate the
first clock signals and the at least one second clock
signal according to a local clock signal; and

a phase interpolator configured to generate the local clock
signal according to the adjustment signal and the reif-
erence clock signal.

9. The clock and data recovery device of claim 1, wherein
the phase detection circuit, the frequency estimator, and the
clock generation circuitry are arranged as a feedback control
mechanism.

10. A clock and data recovery method, comprising:

sampling, according to a plurality of first clock signals,
input data to generate a plurality of data values,
wherein phases of the first clock signals are different
from one another;

detecting, according to at least one second clock signal, an
phase error of the input data, to generate an error signal;

generating an adjustment signal according to the error
signal, a phase threshold value, and a frequency thresh-
old value;

generating the first clock signals and the at least one
second clock signal according to the adjustment signal
and a reference clock signal;

generating, according to the data values, recovered data
corresponding to the input data; and

wherein the operation of generating the adjustment signal
Comprises:

accumulating, by a first sigma delta modulator, the error
signal to generate a phase accumulated value, and
outputting a first control signal when the phase accu-
mulated value 1s greater than the phase threshold value;
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accumulating, by a second sigma delta modulator, the
error signal to generate a frequency accumulated value,
and outputting a second control signal when the fre-
quency accumulated value 1s greater than the frequency
threshold value;

accumulating, by an integrator, the second control signal

to generate an integral signal;

counting up, by a counter, according to the integral signal

to generate a third control signal; and

summing up, by an adder, the first control signal and the

third control signal to generate the adjustment signal.

11. The clock and data recovery method of claam 10,
wherein the phase threshold value and the frequency thresh-
old value are predetermined values.

12. The clock and data recovery method of claim 10,
wherein the operation of generating the recovered data
COmprises:

storing the data values;

determiming, according to the data values, at least one

transition point of the input data to generate a selection
signal; and

selecting, according to the selection signal, at least cor-

responding one of the data values to generate the
recovered data.

13. The clock and data recovery method of claim 12,
further comprising;:

synchronizing the data values according to a local clock

signal.

14. The clock and data recovery method of claim 13,
wherein the operation of determining the at least one tran-
sition point comprises:

performing an exclusive OR operation according two

adjacent of the data values to determine the at least one
transition point.

15. The clock and data recovery method of claim 13,
wherein the operation of determining the at least one tran-
sition point comprises:

performing a center-picking algorithm according to the

data values to determine the at least one transition
point.

16. The clock and data recovery method of claim 13,
wherein the operation of determining the at least one tran-
sition point comprises:

performing a majority-voting algorithm according to the

data values to determine the at least one transition
point.

17. The clock and data recovery method of claim 10,
wherein the operations of generating the error signal, gen-
erating the adjustment signal, and the operation of the first
clock signals and the at least one second clock signal are
configured to as feedback control operations.

18. The clock and data recovery method of claim 10,
wherein the operation of generating the first clock signals
and the at least one second clock signal comprises:

generating, according to a local clock signal, the first

clock signals and the at least one second clock signal;
and

generating, by a phase interpolator, the local clock signal

according to the adjustment signal and the reference
clock signal.
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